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Abstract. Effort to increase growth of in vitro explants could be done 
by addition of vitamin and plant growth regulators. This current study 
was aimed to investigate the effect of addition of calcium pantothenate in 
combination with Gibberellic Acid (GA3) on in vitro growth of Dahlia sp. 
Shoots of dahlia were grown on MS medium. Experimental design was 
factorial completely randomized design. The factors tested were calcium 
pantothenate in combination with GA3 using concentration level at 0, 0.5, 1 
and 2 mg/ Lrespectively. The variables recorded were shoot height, number 
of leaves, number of shoots and number of roots which were observed 
weekly at 0-8 weeks after cultures. The results showed that GA3 significantly 
affected all variables but calcium pantothenate did not significantly affect 
the number of shoots and number of leaves based the Anova analysis. The 
highest number of leaves and number of shoots were produced by media MS 
supplemented with 0.5 mg/ LGA3 without addition of calcium pantothenate 
(16.00 & 2.73 and 3.00 & 0.37 respectively). On Media MS with 0.5 mg/L 
calcium pantothenate alone produce 12.23 # 1.13 cm shoot height and 3.33 
£ 0.84 number of roots. The addition of 2 mg/L calcium pantothenate on 
MS medium inhibited explants growth. 


Keywords: calcium pantothenate, Dahlia sp, gibberellic acid, in vitro, 
micropropagation 


Introduction 
The garden dahlia (Dahlia variabilis hort. non (Willd.) Desf.) is 
ataxon which is believed to have arisen following the introduction 
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into Spain from Central America of wild species of Dahlia in 1789. 
With the exception of the garden dahlia, Dahlia species can be 
divided into two groups depending on flower colour: Group I 
with magenta or ivory flowers and Group II with orange-scarlet 
or yellow flowers (Gatt et al., 1998). Dahlia, member of family 
Compositeae, has diversity in colors, size, shapes, forms and 
profusion of flowering. It is grown as both annual and perennial 
plants. All the dahlia cultivars are derived from one immensely 
variable species of D. variables or D. pinnata (Fatima et al., 2007). 

Dahlia plants reproduce sexually by seed and vegetatively 
by tuberous roots. It can be more susceptible to fungal, bacterial 
and viral infections if it is propagated by traditional vegetative 
methods. The plant tissue culture technigue is beneficial in order 
to overcome this inconveniences (Ibrahim and Daraj, 2015). 
Several research on micropropagation of Dahlia has been reported. 
Maximum shoot formation of dahlia culture was obtained on MS 
medium containing 0.5 mg/ L BAP and maximum root formation 
observed in MS medium containing 2.0 mg/L NAA (Wadankar 
and Malode, 2012). Dahlia shoots cultured on MS medium with 
addition of Kinetin were elongated and formed lateral shoots, 
addition of 2-iP resulted in weak shoots, meanwhile addition with 
TDZ gave vitrified shoots (Ermayanti and Al-Hafiizh, 2013). 

Vitamins, including vitamin B5, are synthesized in plants are 
mainly used as essential intermediates in biochemical reactions or 
as catalysts in various pathways. In tissue culture, some plants can 
become deficient in vitamin synthesis. Hence, supplementing plant 
tissue with sub-optimal levels is essential to obtaining vigorous 
growth. Plant cell reguirements for vitamin concentration vary 
according to the plant species and type of culture (Abrahamian 
and Kantharajah, 2011). 

Calcium D-pantothenate (VB5, C,,H,,CaN,O, , CAS Registry 
No.137-08-6), which was also known as pantothenic acid, isa member 
of the vitamin B family. Itis widely distributed in plants and animals. 
In addition, calcium D -pantothenate has the function of making 
antibodies (Han et al., 2017). Calcium pantothenate is abutyryl-beta- 
alanine that can also be viewed as pantothenic acid complexed with 
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beta alanine. It is incorporated into coenzyme A and protect cells 
against peroxidative damage by increasing the level of glutahione. Ca- 
pantothenate also is the calcium salt (more stable form of pantothenic 
acid) of the water-soluble vitamin B5 that have a growth factor and 
essential for various metabolic functions including the metabolism 
of carbohydrat, protein and fatty acids (Anonymous, 2017). 

Nodal explants are occasionally cultured on media 
supplemented with GA3 to increase the length of shoots during 
multiplication or prior to rooting. The most characteristic effects of 
GA3 on shoots growth are increased internode extention, increased 
leaf growth and enhance apical dominance. The elongated shoots 
are then subdivided to serve as starting mother stock culture for 
another multiplication cycle (Ndagijimana et al., 2014). This current 
study was aimed to investigate the effect of addition of calcium 
pantothenate in combination with Gibberellic Acid (GA3) on in 
vitro growth of Dahlia sp. 


Materials and methods 

In this experiment, internodes of dahlia at 1.5-2.0 cm long 
having 2-3 leaves were cultured on MS medium (Murashige and 
Skoog, 1962) solidified with 3 g/L of Gelzan (TM Caissonlabs) 
supplemented with Calcium Pantothenate in combination with 
Gibberellic Acid (GA3) at 0, 0.5, 1 and 2 mg/L. Medium pH was 
adjusted to 5.8 prior to sterilization using autoclave at 15 psi 
at 121”C for 20 min. Cultures were incubated at 24 t 2”C, with 
continuous photoperiod with light intensity of 500-900 lux. 

Experiments were set up in a completely randomized design 
with 12 replicates of each treatment using 4jar bottle containing 
3 explans in each bottle. Height, numbers of leaves, number of 
shoots and number of roots were recorded every week from the 
begining of culture (week 0) to week 8 after culture. Performance 
of dahlia shoot culture was recorded after 8 weeks of culture. Data 
were analyzed by analysis of variance (ANOVA) (Sokal and Rohlf, 
1987) to determine the significant levels of differences responses 
among treatments. Duncan's multiple range test (DMRT) at a56 
probability level using DSAASTAT V.1.1 (open-source software) 
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was used to analyze the differences statistically. 
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Figure 1. Shoots growth of Dahlia sp. at 0-8 weeks after culture on MS medium 
supplemented with 0, 0.5, 1, and 2 mg/ 1 GA3 in combination with 0 mg/1 
(A), 0.5 mg/l (B),1 mg/1 (C) and 2 mg/1 Calcium Pantothenate (D) 
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Figure 2. Number of leaves of Dahlia sp. at 0-8 weeks after culture on MS 
medium supplemented with 0, 0.5, 1, and 2 mg/ 1GA3 in combination with 0 
mg/l (A), 0.5 mg/1 (B),1 mg/l (C) and 2 mg/1 Calcium Pantothenate (D) 


BIOTECHNOLOGY, 


Y9 SUSTAINABILILTY, AND HUMANITY 


1 15! INTERNATIONAL SEMINAR ON BIOTECHNOLOGY 
Program Studi $2/53 Bioteknologi UNIVERSITAS G ADJ AH MADA 


Sekolah Pascasarjana UGM 


3 3 
22 4- control aa -— control 
Pel 
2 ki 
8 2 4—osm3a | 8 2 —4—0.5 mg/l 
a GA3 $ GA3 
S15 ——1 mg/l 215 —t— mg/l 
- GA3 1 GA3 
8 1- 5-2 mg/I E 1: —l—2mg/I 
Fj GA3 2 GA3 
z 
0.5 0.5 
o TT ——,—— La 
Oo 1 2 3 4 5 6 7 8 0 1 2 3 4 5S 6 7 8 
Age of Culture (Weeks) Age of Culture (Weeks) 
3 3 
P3 —— control 23 —#— control 
FP: Pa 
2 2 ——0.5 mg/l E 2: ——0.5 mg/I 
2 2 
" GA3 w GA3 
$J PU 51 mg/l 8 1.5 —5t—1mg/ 
3 Ga3 g Ga3 
£ 4 5-2 mg/l E1- ——2 mg/l 
z GA3 2 GA3 
0.5 0.5 
jo) T T T T T 1 0 T T T T T T T ) 
Oo 1 2 3 4 5 12 A 8 fe) 1.2 3 4 5 6 7 8 
Age of Culture (Weeks) Age of Culture (Weeks) 


Figure 3. Number of shoots of Dahlia sp. at 0-8 weeks after culture on MS 
medium supplemented with 0, 0.5, 1, and 2 mg/ 1 GA3 in combination with 0 
mg/l (A), 0.5 mg/l (B), 1 mg/1 (C) and 2 mg/1 Calcium Pantothenate (D) 


YOGYAKARTA 


OCTOBER, 7" 2017 1 


1 19! INTERNATIONAL SEMINAR ON BIOTECHNOLOGY 
Program Studi S/53 Bioteknologi | UNTVERSITAS GADJAH MADA 


Sekolah Pascasarjana UGM 


35 3.5 
3 3 
control H— control 
8 25 225 
3 —4r—0.5 mg/I 8 —d—0.5 mg/I 
& | GA3 5 2 - GA3 
8 ——1mg1 s —e1m3/1 
$15 GA3 815 | GA3 
E ——2 mg/i E ——2 mg/l 
2 1 GA3 2 1 GA3 
0.5 2 
o- 0 - 
o 1 2 3 4 5 6 7 8 0 IT 2 3 4 5 6 7 8 
Age of Culture (Weeks) Age of Culture (Weeks) 
3.5 3.5 
3 3 
—- control “control 
» 2.5 225 
3 —4—0.5 mg/l 3 ——0.5 mg/l 
s 2 G3 s 2 GA3 
had —ym— Lrng/l Fa ——1mg/l 
3 GA3 $15 GA3 
E ——2 mg/l E ——2 mg/ 
z Gn3 2 1 GA3 
0.5 LAS 
T T T 0 
fo) 1 2 3 4 5 6 z 8 Oo 1 2 3 4 5 6 7 8 
Age of Culture (Weeks) Age of Culture (Weeks) 


Figure 4. Number of roots of Dahlia sp. at 0-8 weeks after culture on MS 
medium supplemented with 0, 0.5, 1, and 2 mg/ 1 GA3 in combination with 0 
mg/l (A), 0.5 mg/l (B), 1 mg/l (C) and 2 mg/1 Calcium Pantothenate (D) 


Tabel 1. Analysis of variance for variable of height, number of leaves, number 
of shoots and number of roots on Dahlia sp 8 weeks after cultures. 


F Value & Significant 
5 , Calcium 5 
ii Venabie aa ye GA3 Pantothenate Ng 
Vs GA3 
1. Height 5.320 15.187” 2.162” 415 
2. | Numberof Leaves | 1.342 (ns) 29.273" 1.729 (ns) 31.8 
3. | Numberof Shoots | 1.439 (ns) 11.965" 2.257" 43.7 
4. | Number of Roots 4.851” 4.249” 3.256" 124.5 


Note: " : Significant at a 556, : Significantat a14, ns : not significant 
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Table 2. Average value of height, number of leaves, number of shoots and number 
of roots on Dahlia sp 8 weeks after cultures. 


Calsium P.| GA3 Height (cm) Number of Number of Number of 
(mg/l) (mg/l) Leaves Shoots Roots 

0 825404254 | 10.174t0.65”4d | 1.67tx0.33” | 1.33 & 0.88bs 

o 0.5 10.32 41.48" | 16.00 t 2.73? 3.00 & 0.372 3.00 £ 0.682 

1 622405144 | 11.004t0.82”4 | 1.50 4 0.34 0.08 & 0.08: 

2 92841874 | 13.3341.090 | 2.17 4 0.31? 2.83 £ 0.958 

0 122341132 | 9.0040.3788 | 117 & 0175 3.33 £ 0.84: 

05 0.5 7.37 t1.20rde | 908342.23bde | 1.33 & 0.33” 1.00 & 0.52: 

| 1 477403254 | 10.17 t0.83Pde | 1.50 & 0.34 0.00 & 0.00" 

2 732404840 | 11674120” | 1.50 40.22» 0.00 & 0.00" 

0 725413554 | 833416166 | 133410212 | 1.50 0.92» 

1 0.5 8.83 £ 2.552 6.83 4 0.545 1.00 & 0.005 1.50 & 0.56: 

1 575410846 | 7.674t0.67468 | 1.33 & 0.335: 0.83 & 0.315 

555412964 | 747 & 0.548 1.00 & 0.005 0.67 & 0.49 

0 3.75 & 0.208 4.83 & 0.408 1.00 & 0.005 0.25 & 0.16 

» 0.5 3.50 £ 0.18! 5.67 & 0.42'8 1.17 & 0.175 0.67 4 0.49 

1 3.00 & 0.34 6.00 & 0.37'8 1.00 & 0.005 0.17 & 0.175 

3.93 & 0.478 5.17 & 0.708 1.33 4 0.33”: 0.50 & 0.345 


Means followed by the same letter in the same colomn 
are not significantly different according to the DMRT test 
(pXO.05), t Standard Error. 
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Figure 5. Performance of Dahlia sp shoots at 8 weeks after cultured on MS 
medium supplemented with 0, 0.5, 1 and 2 mg/L calcium pantothenate in 
combination with GA3. 


Discussion 

Growth of dahlia shoots on MS medium containing calcium 
pantothenate in combination with GA3 at 0-8 weeks after culture 
is presented in Figure 1. On medium treated with GA3 without 
calcium pantothenate, dahlia shoots started to grow 1 week 
after culture. Shoot growth optimal at 1-7 weeks after culture on 
medium containing 0.5 and 2 mg/L GA3. On medium without 
GA3, shoot growth increased significantly at 2-6 weeks after 
culture. The lowest growth of dahlia shoots occurred on medium 
supplemented with 1 mg/ L GA3 (Fig. 1A). Dahlia shoots growth 
on MS medium containing 0.5 mg/L calcium pantothenate in 
combination with 0.5 and 2 mg/L GA3 were not significantly 
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different. The slowest growth of shoots occurred on medium 
containing 1 mg/L GA3. On control medium i.e. medium 
containing 0.5 mg/ L calcium pantothenate only produced highest 
shoot at 6-8 weeks after culture (Fig. 1B). Growth of dahlia shoots 
on medium supplemented with 1 mg/L calcium pantothenate in 
combination with 0, 1 and 2 mg/L GA3 at 1-8 weeks after culture 
were relatively similar. The highest shoot growth was found on 
medium containing 0.5 mg/L GA3 at 4-8 weeks after culture 
(Figure 1C). Shoots growth on medium containing 2 mg/ L calcium 
pantothenate in combination with 0, 0.5, 1 and 2 mg/ L GA3 were 
not significantly different and lower than that on the medium 
containing 0, 0.5 and 1 mg/L calcium pantothenate (Figure 1D). 

Number of kleaves growth on MS medium supplemented 
with calcium pantothenate in combination with GA3 is shown 
in Figure 2. On medium containing only GA3 without calcium 
pantothenate number of leaves began to increase at 1 week after 
culture. At 0-6 weeks after culture, increasing number of leaves on 
medium containing 0, 0.5, 1 and 2 mg/ LGA3 was not significantly 
different. The highest leaves number produced by shoots grown on 
the medium containing 0.5 mg/ L GA3 at 7-8 weeks after culture. 
The lowest number of leaves was found on control medium and 
in medium containing 1 mg/L GA3 (Fig. 2A). On MS medium 
containing 0.5 mg/L calcium pantothenate, number of leaves 
began to increase at 1-2 weeks after culture. Optimuml leaves 
growth was found on medium containing 2 mg/L GA3 at 5-8 
weeks after culture. The lowest number of leaves was found on 
control medium (without GA3) (Figure 2B). Number of leaves on 
medium containing 1 mg/ L calcium pantothenate in combination 
with 0, 0.5, 1 and 2mg / LGA3 at 0-8 weeks after culture were not 
significantly different. At 8 weeks after culture, shoots on control 
medium (without GA3) produced higher number of leaves than 
that on medium with 0.5, 1 and 2 mg/L GA3 (Figure 2C). On 
MS medium containing 2 mg/L calcium pantothenate, number 
of leaves started to increase 3 weeks after culture. On medium 
supplemented with 0, 0.5, 1 and 2 mg/L GA3, number of leaves 
was not significantly different. Growth of leaves numbers on 
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medium containing 2 mg/ L calcium pantothenate was lower than 
that on medium supplemented with 0, 0.5 and 1 mg/ L of calcium 
pantothenate (Figure 2D). 

Figure 3 represents number of Dahlia sp shoots growth, 
cultured on MS medium supplemented with calcium pantothetane 
and GA3. On medium containing 1 and 2 mg/L GA3 only, the 
number of shoots started to increase at 1 week after culture. On 
medium without addition of GA3, the number of shoots increased 
at 3 weeks after cultured while on medium with addition of 0.5 
mg/L GA3 number of shoots began to increase at 4 weeks after 
cultured. Although increasing number of shoots at 0.5 mg/L 
GA3 started slower than others, at 6-8 weeks after culture, this 
treatment can produced the highest number of shoots (Figure 3A). 
On MS medium containing 0.5 mg/L of calcium pantothenate in 
combination with 1 mg/ L GA3, the number of shoots increased 
at1 week after culture while in 0, 0.5 and 2 mg/L GA3 number 
of shoots increased at 4-5 weeks after culture. Optimum number 
of shoots growth was found on medium supplemented with 2 
mg/L GA3at 6-8 weeks after culture. The lowest number of shoots 
growth produced on control medium (without GA3) (Figure 3B). 
On MS medium containing 1 mg/ L calcium pantothenate number 
of shoots growth only found on medium containing 1 mg/ L GA3 
and without GA3. On medium suppemented with 0.5 and 2 mg/L 
GA3 only formed single shoot of dahlia. On control medium 
without GA3 new shoots appeared at 3 weeks after culture 
while on medium containing 1 mg/ L GA3 increasing number of 
shoots occurred at 8 weeks after culture (Figure 3C). Number of 
shoots growth on medium supplemented with 2 mg/L calcium 
pantothetane was not significantly different. Increasing number of 
shoots only found on medium containing 0.5 and 2 mg/L GA3 at 
8 weeks after culture, while in the control medium and addition 
of 1 mg/L GA3 there is no new shoots formed (Figure 3D). 

Growth of number of roots on Dahlia sp, on MS medium 
containing calcium pantothenate in combination with GA3 is 
shown in Fig. 4. On medium containing 0.5 and 2.0 mg/L GA3 
without addition of calcium pantothetane, number of roots 
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started to growth at 1 week after culture. Increasing number 
of roots found from week-1 to week-8 after culture. On control 
medium, roots started to growth slowly at 8 weeks after culture 
while on the medium containing 1 mg/ L GA3 very few number 
of roots were found (Figure 4A). Dahlia roots only grew on MS 
medium containing 0.5 mg/L calcium pantothetane only or in 
combination with 0.5 mg/L GA3. There is no root growth on 
medium supplemented with 1 and 2 mg/L GA3. The largest 
number of roots at 8 weeks after culture, produced on control 
medium (Fig. 4B). On MS medium containing 1 mg/L calcium 
pantothenate root started to grow at 2 weeks after culture. On 
medium supplemented with 0 and 0.5 mg/L GA3 number of 
roots growth optimally at 2-8 weeks after culture, number of 
roots between the two treatments was not significantly different. 
On the other hand, number of roots was lower on MS medium 
containing 1 and 2 mg/L GA3 compared to others (Figure 40). 
Number of roots growth on medium containing 2 mg/ L calcium 
pantothenate in combination with 0, 0.5, 1 and 2 mg/ L GA3 was 
not significantly different. The number of roots was lower than 
that on the medium containing 0, 0.5 and 1 mg/L of calcium 
pantothenate (Figure 4D). 

Analysis of variance between factor calcium pantothenate 
in combination with GA3 for variable of height, number of 
leaves, shoots and roots on Dahlia sp at 8 weeks after culture 
is presented at Table 1. Calcium pantothenate alone affected 
significantly on height and number of roots parameter at a 54 
and a16, respectively, but has no significant effect on number 
of leaves and number of shoots. However GA3 treatment 
significantly affected all parameters observed at a1”6. Interaction 
between calcium pantothenate in combination with GA3 highly 
affected significantly only on number of roots parameter at a15, 
meanwhile, for shoot height and number of shoots parameters 
affected significantly at a 556, but did not affect significantly for 
number of leaves parameters (Table 1). 

Means value of height, number of leaves, number of shoots 
and number of roots of Dahlia sp at 8 weeks after culture is shown 
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at Table 2. The highest shoot was obtained on MS medium 
supplemented with 0.5 mg/L calcium pantothenate alone and 
medium containing 0.5 and 2 mg/L GA3 without calcium 
pantothenate, significantly different with others. Addition of 2 
mg/L calcium pantothenate produced the lowest shoots. The 
highest number of leaves were found on shoots grown on MS 
medium supplemented with 0 mg/L calcium pantothenate in 
combination with 0.5 and 2 mg/ L GA3. Shoots grown on medium 
containing 2 mg/L calcium pantothenate in combination with 
0, 0.5, 1 and 2 mg/L GA3 had lowest mean value of number of 
leaves. Both number of leaves and number of shoots were highest 
on shots grown on MS medium containing 0.5 mg/L GA3 only, 
significantly different with others. In addition, Table 2 also shows 
that the highest number of roots was found on medium containing 
0,5 mg/L calcium pantothenate without addition of GA3 and on 
medium containing 0,5 and 2 mg/L of GA3. 

Similar study revealed that combination of 1 mg/ L calcium 
pantothenate with 0.5 mg/L GA3 induced the highest number 
of shoots and roots of two varieties of potato regenerated from 
meristem tip culture (Yasmin et al., 2011). Addition 0.5 mg/L 
calcium pantothenate on MS medium in combination with 
2 mg/L active charcoal gave the highest number of roots of 
Physic nut (Jatropha curcas L.) (Purwati et al., 2010). Calcium 
pantothenate in combination with kinetin was applied for shoot 
multiplication in In vitro cultured of cassava (Khumaida et al., 
2011). The results showed that in several concentration of calcium 
pantothenate only effected the callus diameter of Adira 2 and 
Adira 4 varieties and interaction between calcium pantothenate 
and kinetin concentration only affected the callus diameter of 
Adira 4 variety. 

In this experiment, MS medium supplemented with GA3 
enhanced height, number of leaves, number of shoots and number 
of roots of dahlia. Gibberelic acid (GA3) is a potential hormone 
having arelatively broad spectrum, which primary morphological 
effects are associated with enlargement and cell division. GA3 
stimulated development of nodal cutting on MS medium but 
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at high concentration it produced small and elongated shoots 
(Fatima et al., 2007). GA3 stimulates seed germination, trigger 
transition from meristem to shoot growth, juvenile to adult 
leaf stage, vegetatif to flowering, determines sex expression 
and grain development along with an interaction of different 
environmental factor such as light, temperature and water (Gupta 
and Chakrabarty, 2013). 

Performance of Dahlia sp shoot on MS medium supplemented 
with calcium pantothenate in combination with GA3 at 8 weeks 
after culture is presented on Figure 5. After 8 weeks of culture Dahlia 
sp shoots grown on medium containing calcium pantothenate 
appeared more juvenile and fresh than that on medium without 
addition of calcium pantothenate, however the growth rate of 
exsplans was lower than that on medium without addition of 
calcium pantothenate. The growth of dahlia was inhibited on 
medium containing 2 mg/L calcium pantothenate. The higher 
concentration of calcium pantothenate resulted in lower growth 
of dahlia. On medium without addition of calcium pantothenate 
dahlia grew rapidly but shoots tip was necrosis. 

Slower growth of planlets are more expected for conservation 
purposes because this could delay subculture freguency, saver 
labor and less cost. Khumaida et al. (2011) reported that MS medium 
supplemented 1 ppm calcium pantothenate in combination with 3 
ppm kinetin promoted the growth of Adira 4 variety until 4 weeks 
after culture. However, for longer culture period MS medium 
containing 2 ppm calcium pantothenate in combination with 3 
ppm kinetin enhanched growth of cultures. In potato, calcium 
pantothenate decreased number of shoots and caused necrosis 
of (Ibrahim et al., 2016). 


Conclusions 

Gibberelic acid (GA3) significantly affected all growth 
variables of Dahlia, in contrary, calcium pantothenate did not 
significantly affect the number of shoots and number of leaves. 
The highest number of leaves and shoots were found on MS 
medium containing 0.5 mg/L GA3 without addition of calcium 


YOGYAKARTA 


OCTOBER, 7" 2017 85 


1! INTERNATIONAL SEMINAR ON BIOTECHNOLOGY 
UNIVERSITAS GADJAH MADA 


pantothenate (16.00 & 2.73 and 3.00 & 0.37, respectively). On 
MS medium containing 0.5 mg/L calcium pantothenate alone 
produced 12.23 t 1.13 cm shoot height and 3.33 # 0.84 number 
of roots. The addition of 2 mg/L calcium pantothenate on MS 
medium inhibited growth of Dahlia shoots. 
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